First Delphi round
An initial list of Delphi process participants was generated by investigators in consultation with key stakeholders. In a first round of the Delphi, we invited these individuals by e-mail to participate in an online survey to identify research priorities. We sent a reminder e-mail regarding the invitation to participate. We also used snowball sampling, i.e., we invited participants to forward the survey directly to other stakeholders, or to provide names and contact information for stakeholders to the investigators and we subsequently invited to participate any stakeholders who were not already on our list.
We asked potential participants to indicate their primary type of work, their main place of employment, and the province or territory where they worked, to list 5-10 research priorities in the field of bacterial STIs, and to indicate if they would be willing to participate in subsequent rounds of the Delphi process. Two investigators collated responses to eliminate duplicate suggestions, which involved reviewing all responses and identifying the topic area, e.g., antimicrobial resistance, and then grouping similar suggestions into categories for presentation in the subsequent survey, e.g., diagnosis.
Second Delphi round
We circulated an invitation to participate in a second online survey to persons who had indicated on the first survey that they were willing to participate further, as well as to additional key stakeholders identified by the investigators since the development of the initial list of potential participants. As in the first round, we e-mailed out the invitation to participate, and subsequently sent out a reminder e-mail. We did not ask participants whether they had participated in the first survey, and we did not collect demographic information about participants. Participants were asked to review the list of responses from the first Delphi round and to indicate the importance of each response on a scale of 1 to 10, with 1=not important, 5=somewhat important, and 10=very important, and also to indicate whether they would consider each response to be one of the top five research priorities related to bacterial STI research in Canada. The responses were reviewed and ranked in four ways: 1) by the percentage of participants who had rated the topic as a 9 or 10 on the scale of importance; 2) by the percentage of participants who had rated the topic as 8, 9, or 10 on the scale of importance; 3) by the percentage of participants who had rated the topic as one of the five most important research priorities of all those listed; 4) by the clinical topics most commonly rated as one of the five most important research priorities of all those listed (given investigators' concerns about potential under-representation of people doing clinical work in the two Delphi rounds, in comparison with people doing public health work). Based on the distribution of rankings within and between priority areas using the four methods of scoring, we selected priority areas for further development.
In-person meeting
Next, we held an in-person meeting in Toronto, Ontario on February 13 th and 14 th , 2012 to elaborate on the priority areas identified through the two Delphi rounds and to try to achieve consensus on the most important topics in each priority area. Prior to the meeting, we developed background papers on each priority area, which were brief summaries of the current state of knowledge, including descriptive and interventional epidemiology and with a focus on data from Canada when available. These papers were intended to provide each participant with a general contextual understanding of each priority area, regardless of their background or area of expertise. We circulated the background papers to meeting participants in advance of the meeting. We also circulated the full list of responses from the first Delphi round, to ensure that the diversity and richness of ideas were preserved in this process.
We invited individuals who had indicated in the first Delphi round that they would like to participate further, and also key stakeholders who represented various provinces and types of employment. Participants were reimbursed for meeting expenses, such as travel and hotel costs.
At the meeting, participants discussed each priority area in small groups with a facilitator. The goal of the small-group discussions was to identify specific topics or research questions within each priority area. We then presented all topics by priority area to the full group of participants, with discussion about certain topics ensuing. We asked each participant to select the most important topics in each priority area in consideration of the importance and feasibility of research on each topic, by placing stickers next to a maximum of three topics in each priority area. We identified the priority topics in each priority area based on the number of participants who rated each topic as most important. Table 1 summarizes the Delphi process. We invited 200 people to participate in the first Delphi round, and an unknown number of other stakeholders were invited to participate through snowball sampling. Of 46 participants, 43% listed their primary type of work as public health practitioner or staff, while 20% listed researcher, 15% listed clinician, 2% listed policy analyst or advisor, and 20% listed other. Seventy-eight percent of participants indicated that their place of employment was a local public health organization, 29% listed a federal public health organization, 22% listed an STI clinic, 11% listed a provincial public health organization, 16% listed a university, 4% listed a primary care clinic, and 4% listed other (with percentages not adding to 100 because multiple places of employment were permitted). For the province or territory where they worked, 78% listed Ontario, 9% listed British Columbia, 2% listed each of Saskatchewan, Manitoba, Quebec, and Nunavut, respectively, and 4% listed other. A total of 280 priority In-person meeting in Toronto, Canada 27 17 priority topics in 5 priority areas (Table 3) * We e-mailed an invitation to participate to 200 persons. Some of those invited forwarded the invitation to others, and we do not know how many other people were invited through this snowball sampling.
RESULTS
research topics were listed, representing 31 unique topics (e.g., 28 participants listed antimicrobial resistance as a response). Thirty-six participants indicated that they would like to participate further in the Delphi process. We invited 60 people to participate in the second Delphi round, of whom 25 people participated. There was convergence in the priorities identified by the different ranking methods for five priority areas, as shown in Table 2 , which shows the rankings and percentages for the 10 top priorities. We decided on 10 priorities to develop further based on this convergence and the distribution of responses; with 10 priorities, the five most highly ranked topics using each ranking method and all four clinical topics were included, and there was a notable gap in each ranking method between the lowest ranked topic included and the highest ranked topic not included in terms of the percentages. For the purposes of background papers and meeting discussions, we combined priority areas that had a similar or overlapping focus. Specifically, expedited partner therapy was included in partner notification and contact tracing; prevalence and sequelae of bacterial STIs over time and place were combined with rates and predictors of re-infection to make a general epidemiology of bacterial STIs priority; point of care testing, alternative models for accessing testing, and effectiveness of various screening methods were combined into a screening and testing priority; and social media and social network were integrated into identification of best practices for the prevention of bacterial STIs at the individual and community levels.
Twenty-seven people participated in the in-person meeting, including persons from British Columbia, Alberta, Ontario, and Quebec; public health practitioners, researchers, and clinicians; and people who worked in local, provincial, and federal public health organizations, universities, and STI and primary care clinics.
Between 10 and 27 specific priority topics were identified in each of the five general priority areas, some of which overlapped in part within and across priority areas. Participant opinion converged on which priority topics were most important; there was a clear break in the distribution of topics which were rated by many participants as most important and those that were rated as most important by only a few participants; for example, for the general priority area "epidemiology of bacterial STIs," 10 priority topics were identified, and between 10 and 17 people rated the top four priority topics as most important, whereas only between one and six people rated the next six topics as most important. The priority topics identified as most important and the number of meeting participants who identified the topic as most important are shown in Antimicrobial resistance Obtain access to and aggregate data from testing done across settings, i.e., public health laboratories, private laboratories, hospitals. 12 Use advanced genomics approaches to determine molecular epidemiology, antimicrobial resistance profiles, and typing. 11 Gather information on antimicrobial resistance of gonorrhea and chlamydia isolates by anatomical site of infection. 9 Define the rates of antimicrobial resistance of gonorrhea and chlamydia at extra-genital sites of infection. 9
Identification of Develop and evaluate prevention activities that are targeted to those individuals and populations with best practices for the the major burden of disease. 13 prevention and control Evaluate novel technologies for impact on outcomes, e.g., use of text messaging in contact tracing.
of bacterial STIs
Evaluate the need for testing and education in schools. 12 * The number of participants who indicated that this topic was most important. Each participant could rate up to three topics as most important within each priority area.
DISCUSSION
This consensus process resulted in the identification of priority topics for research on bacterial STIs in Canada through the use of three rounds of a modified Delphi method with people working in the field of bacterial STIs across Canada. The consistency of results across rounds and the distribution of responses in the final round suggests that this process was successful in achieving consensus, and therefore that these priority topics are some of the most important areas for research on bacterial STIs in Canada. Moreover, the priority areas and topics identified in this study are consistent with focus areas articulated in other studies and by other organizations, 1, 11, 12 which corroborates our conclusion that these are valid priorities.
For some of these topics, there is a lack of relevant data or information, and new research and infrastructure (e.g., lab and information technology) may be required, for example, to further characterize antimicrobial resistance in Canada. For other topics, there is already some evidence but it may not be adequate, or else there is uncertainty about whether the evidence is generalizable to specific populations and regions in Canada or about how to translate knowledge into relevant programs and policies, e.g., about point of care testing 13 or to define best practices for STI control. 1, 14 Finally, for some topics, there is already research currently underway in Canada, for example to assess innovative technologies in screening 15 and to assess partner notification approaches. 16 A tailored approach will be required to address each priority topic, which may include environmental scans and literature reviews to define the current state of knowledge and research.
That notwithstanding, there are several general steps that can be taken to strengthen research on bacterial STIs in Canada overall, which would putatively support the achievement of all of these priorities. These steps are: supporting training in bacterial STI research, including graduate and postgraduate opportunities in epidemiology, behavioural sciences, and microbiology; the development of interdisciplinary research teams and networks that include researchers and decision-makers; and the creation of specific funding opportunities (beyond STI research incorporated into funding proposals for HIV 17 ), including from the Canadian Institutes of Health Research.
There are multiple advantages to the traditional Delphi as a consensus method, 18 including anonymity of participants, use of expert opinion, efficiency, and reliability. 19 The validity of this method is contingent on key components, such as the appropriate selection of participants and management of information. 20 In this study, we diverged from the traditional Delphi method in several ways. The group of experts who participated in each round was not consistent, as described above. We used an internet-based survey for the first two rounds of the Delphi, which is a relatively new innovation. 19 We held the final round of the Delphi at an in-person meeting, since we also wanted to elaborate identified priorities and work on developing focused collaborations and programs of research. We do not feel that these modifications would have affected the integrity of the process or the validity of the results.
Regarding the group of participants in particular, a large proportion of those invited did not participate in the online surveys (see Table 1 ). The group of participants was, however, diverse in terms of geography, areas of expertise, and type of work, and the large number of topics identified and the consistency of topics selected as priorities across rounds suggests that these findings are likely valid. In retrospect, we would have included advocates for groups at high risk of STI infection, such as commercial sex workers, 21, 22 or people who are infected with or affected by the sequelae of these infections, which may have further diversified the pool of responses.
Of note, in the final stage of the Delphi, we did not ask participants to assess the relative importance of topics in different priority areas, e.g., whether it would be more important to address the top-ranked priority topic in screening: "examine the effectiveness of universal compared with targeted screening", or the top-ranked priority in partner notification and contact tracing: "define effective strategies for partner notification" (see Table 3 ). We also did not assess the potential impact of addressing each topic for bacterial STI control, as this is beyond the scope of this study, though we note that a prior review identified that population-level interventions tend to have the greatest potential impact. 1 We hypothesize that there would be synergy in addressing different priorities simultaneously, and also that some priorities are instrumental to achieving other priorities; for example, it would be difficult to understand the population-level impacts of partner notification strategies without knowing the true incidence and prevalence of bacterial STIs.
The research priorities identified in this study can be used to inform a coordinated research agenda for bacterial STIs in Canada. We hypothesize that a focus on these areas should lead to the more effective and timely characterization and control of bacterial STIs in Canada, with implications for public health.
